Abstract. Aircraft sampling has provided extensive in situ and flask measurements of organic chlorine species in the lower stratosphere. The recent Airborne Arctic Stratospheric Expedition II (AASE II) included two independent measurements of organic chlorine species using whole air sample and real-time techniques. From the whole air sample measurements we derive directly the burden of total organic chlorine (CCly) in the lower stratosphere. From the more limited real-time measurements we estimate the CCly burden using mixing ratios and growth rates of the principal CCly species in the troposphere in conjunction with results from a two-dimensional photochemical model. Since stratospheric chlorine is tropospheric in origin and tropospheric mixing ratios are increasing, it is necessary to establish the average age of a stratospheric air parcel to assess its total chlorine (C1Total) abundance. Total inorganic chlorine (Cly) in the parcel is then estimated by the simple difference, Cly -C1Tota 1 -CCly. The consistency of the results from these two quite different techniques suggests that we can determine the CCly and Cly in the lower stratosphere with confidence. Such estimates of organic and inorganic chlorine are crucial in evaluating the photochemistry controlling chlorine partitioning and hence ozone loss processes in the lower stratosphere.
Introduction
Anthropogenic chlorine is largely responsible for decreases in stratospheric ozone at the poles in springtime [Anderson et al., 1989 [Anderson et al., , 1991 Chlorine is also conserved in the stratosphere as CCly species are photochemically converted to Cly. This straightforward analysis is complicated somewhat by the need to determine when the sampled air entered the stratosphere. Most of the principal CCly species in the troposphere exhibit a clear upward trend in their mixing ratios, with C1Tota I increasing at the rate of a few percent per year [WMO, 1992] . An accurate estimate of the age of the sampled air is therefore necessary to determine C1Tota I at the time of stratospheric entry.
A number of studies have estimated the average age of stratospheric air [Schmidt and Khedim, 1991 the entire AASE II mission. N20 is used here as an independent variable for several reasons. Its similar photochemistry, lifetime, and source/sink relationship with the CFCs results in mixing ratio isopleths for N20 and the CFCs that are in slope (compact) and in some cases gradient (compact and linear) equilibrium [Plumb and Ko, 1992] . N20 is also a high-frequency measurement on the ER-2, available for most of the flight track with 1-s time resolution [Loewenstein et al., 1990] .
Because the WAS instrument stores stratospheric samples in flasks for later analysis the measurements may be subject to loss of the species of interest in the flasks, resulting in low values [Schauffier et al., 1993] . The greatest concern is for CC14 and methyl chloroform (CH3CC13), for which loss in The second instrument measuring CCly species from the ER-2 is the Airborne Chromatograph for Atmospheric Trace Species (ACATS), from CMDL and the NOAA Aeronomy Laboratory (E94). The ACATS instrument is an in situ gas chromatograph using electron capture detection to measure CFC-11 and CFC-113 with 2-rain resolution along the aircraft flight track. These two molecules account for approximately 29% of the organic chlorine with lifetimes longer than 1 year (CFC-11 = 22.2%, CFC-113 = 6.7%; see Table 1 ). Figure 2 shows all of the CFC-11 and CFC-113 measurements from ACATS plotted versus N20. ACATS provides a much larger data set than WAS, with 2198 and 1917 measurements of CFC-11 and CFC-113, respectively. The agreement between the WAS and ACATS determinations of these two species, using two different experimental techniques, is extremely good. In fact, the best simple quadratic fit to the two CFC-11 data sets 
where X0, i is the present tropospheric mixing ratio, G is the present growth rate in percent per year, and age is the average age of the sampled air in years (see below).
The comparison between these model relations and the WAS data is also shown in The average age of an air parcel can be estimated from the difference between the stratospheric and tropospheric mixing ratios of a tracer that has a known growth rate in the troposphere but does not have a stratospheric sink. Hall and Plumb [1994] 6. We emphasize that although this type of semi-empirical approach can be used to estimate the chlorine burden and chlorine partitioning in the lower stratosphere, changing growth rates for key species in the troposphere make continued measurements absolutely critical to this type of assessment. In addition, although these results may be extrapolated to other parts of the stratosphere, they are strictly applicable only in the year and latitude region sampled by the ER-2. 
